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PREFACE 

Aa far ae the writer mogsa biaxial, uniformly dis- 
tributed edge loading of simply aupperted sandwich plete 
has not been widely achieved in testing progreme. It ta 
intended that the aethod, with results, enuserated herein 
ig not & reelization of the goal but progress in that 
direction. 

fhe writer taxes this opportunity to acknonledge 
the supervision end edvice of his thesie advisor, Trefessor 
Joaeph A. iee of the Inatitute of Technology, University 
of Minnesota, the aaelstance of Second uieutenants ans 
Knudeen and Paul Ajoieetn, Horweglen Air Force in the 
laboratory work, and Mr. &. A. Pitmen and others of the 
Chanee Vought Alreraftt Divieaion of the United Aircraft 


Corporation. 
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ABST ha lT 

The design of @n arrangement for applying uslferuly 
dietributed blaxiel loeda to a plate when the plete edgee 
are eimply supperted iz presented; the behevior of s 
sandwich plate (Hetalite) when 1% was subjected to this 
type of losd anc edge eonditiona la pregented. The 
method of tranaformed sections ia utiilsed to oredict 
the plate critical load for the sandwich plate (Netalite); 
& Gomperizon ia made between the value predicted by this 
method and that predicted from laboratory testing with 
the loeding arrenagesent. Prinelpai etraine aad priccipel 
atreases at selected pointe on the surf{see of the plate 
are presented; deflectious of these selected palutesa alse 
are ine luded. 
LOE IKITION GF PROB aN 

By meane of & teeting epperetue and procedure it 
wes desired to ebserve the behavier of a fiat Betelite 
plate with the edges of the plate aimply supported sehen 
the plate was subjected to uniformly distributed loads 
acting biexially in the plane of the plate. From there 
obseervationa it was intended that the gaane eritieal lead 
could be esteblished for the edge ard lead conditions 
epecified. Thue, the problem was two folds (1) to obtain 
the desired edge ecouditions fer the plate; (2) te observe 


the behavior of the plate. 


eet ee 
Yieno lias gelyicgs 22% duamyorvse oe le ope att 
eweda efect ef/ Gate efeen @ 02 O¥aed Aabecld Geladietele 
«© te tabreces mit puosmenm 21 Eeftocte= qiteds ete 
adds be beTon( ws oex @2 excise \osliasea) ofeig dadctous 
at -\eheoow &) eoels howe egbe e868 Gee Le org? 
ialbeve #/ tealilée of eeosfsos Camiulsuews ts Santee 
1) ei fiatew> esule histerw ee? acl Seci fenisies ately is 
aias (@ Serelcer) ecole ot! overt ohne 6 nesiteere « 
Beha pel iaed (eetesean est! etalonrg faa’ Soe Menten 
Cagsoulve One sclenée ieticuly! ~dimeqeenes qeineet a7 
eteie e¢s le eoetwes off oe afcley Seinen dm eopwects ? 
sabe «eirfue Pesaaivs Set! be 6600208) ta [eetmrre oFe ‘ 
‘ one vous -ec@uloal wets 
Geta & 40) Tlarems 
é) otelwawer Gea sePereges wiiteed & Je sense ot 
ovlferem fait § ts weltavod ef? ertesds Gf Geiieae or 
ete betvetyes qiymte erate wt2 by Segue eat atte eoniy 
ebeal Sefudfufet’ cirtalicw of befor (dee bee efaig ais 
weed ceT\ 0 ceteie wi? te ereig of al qsinizneld guétos 
eee Leedsive efeig ee 708? Serene! see 24 suelserseets 
welilavoe tent bce wpbe of? col badel/detes wi hisew 
i iite of 11) Ghiot eff 1 eeterer O47 , coer «hel tise 
ertrete €f | 5) (oreit aod tat eeetslenee ogre betieeh ott 
pfelc wt te eeleciw of 


LIMITATIONS OF PROP 
(a) For the teat specimen 

It stu eesumed that the teet apecimen was flat orloer 
to test. This condition did not prevall verause the plete 
had an initial eurveture in each of the two edge directions; 
in magnitude it wae in the order of one-tenth of en inch 
at the center of the plate. It was senumed thet the test 
gepecimen was repreeentative of any Hetalite plate 
fabricated te the same over-all asd comoonent perta 
dimensions as the plate tested. 
(b) For the teating anperatus 

&#@ the @pperatue originally see designed the blaxial 
loeda applied to the plate sere toa be distributed uniform 
ly slong the edges cf the plate through a syatem of teoth- 
eG blecks. The teeth were inecrporated im the blocke 
to reileve the edge reetrictions te plete contractlen 
imposed by the action of dbiexiel loading transaitted 
by @ continuous surface. In the testing of the plate 
1t was noceseary to eacrifies the principal of tne toothed 
blocks in erder to held the plate in position when it vas 
subjected te loads. The modification of the toasting 
apparetue whieh wee required te hold the plete in poeition 
alee reetricted the avalleble amount of edge rotation cf 
the plate; the restriction made it impossible to apoly 
sufficient load to realize experiments lly the slate 


criticel leosed. The assumrtion that the edges of the plete 
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were alaply supported wae not reslised exactly: the center 
Limea of edge rotationua were in the mid-plane of the 
plate removed approximately two and thirteen-zixteenths 
inches from the edgee. 


CORC STICKS 

(1) That for edge and load conditions ae aepectf led 
(simply supported ead uniformly distributed, respectively) 
the plate criticel losd for ea Metelite plate of the size 
and dimenaione tested as determined from an anelyels of 
the Geflection cata is ten thousend two hundred pounde 
{two hundred ninety pounde per ilnesr inch). 

(2) Thet the plete critical loed as predicted by the 
method ef trauaformed section ig eight thousand five 
hundred snd eighty-five pounds (two hundred forty-five 
pound@ per linear inch). 

(S$) That the difference between thege predicted 
plete critical loads is dwe in part te the type of analysis 
of the deflection Gata (aseuming that the deflection Le , 
infinite at the plete critical load). 

(4) Ghat Guplieationa of this testing shovid be per- 
formed on dimilar pistes to estebliagh the plete critical 
Loed. 

(5) ihat the teeting apparates ehould be modified 
further er in a different manner in erder thet the edre 


-conditions sesumed and sought may be more nearly realized. 
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fo explain the fabrication of Metalite, the following 
is quoted from an article “Experiences With Sandwich 
Materials in Alr Frases" by H. B. Gibbens and E. MaecDenouch 
of Chanee Yeught Alrereft yresented at & symposium on 
"The Theory and Practice of bendwich Gonstruction in Air- 
craft” et the sixteenth ennual meeting of the Inetitute of 
the Aeronautical Selencee in iew York City during <6-2£9 
January 1948: 
“the manufacture of Metelite le essentially a molding 
operation which Lavelves a series of relailvely simple 
proceeece. The sheet metel parte are firet cut to shape, 
then thoroughly cleaned, masked for epreying, and sprayed 
with Gyeleweid adhesive. They are then cured for one~-he lf 
hour at 325 degrees Fahrenheit. The end grain core is 
preducedc by gluing 8 number of balea planks into bolts 
about two feet by four feet in crose~seetion and by cutiing 
slioes slightly greater than the requlred.core thickness 
from these bolte with s bend sax. Toe form the required 
panel eize, the silces are further edge-gliued together 
and trimmed. The panel is sanded to the Geeired thickness 
on a Crum sander end routed ehere necesrary for Laternal 
Goublere and saplice plates. The wood core is then sized 
with a very light applicetion of a radiesally different 
type of resin anc no further adhesive epplied. The 


secondary adheeive ie# applled to the areas of the metal 
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perte that are coeted with Cyecleweld. The metsi martes sre 
then aszemblecd with the wood core on a mold of the required 
ecvuteur. The etseembly te covered with s light rubber 
blanket, which is geeled to the sold, amd cured in an 
autecleve for one hour at 236 derreee Fahrenheit and 


eixty pounds per equere inch.” 


LEot BAVLSRENT 

{L) Oleen compreession~load testing aechine. 
(provided the vertical component of the biextel 
Loada j 

(z) i9ed distributing arrangement (eee Appendix A). 
(@leo included previelon for horizontal couponent 
of biaxiel leads) 

(3) Sh-¢@ Bmildwin bouthwark Strain Indicator. 

(4) feat specimen (Netalite plate) with properly 
attached strein gages (rosettes). 

(S} Ames deflection diagis. 


TEST CnOCaLURE 
(i) Calibrate the tension roga in a teneile teating 
wachine for @ load veragus strein curve. 
(established & wesne for determining the hoerizon- 
tal lead applied te the test spec inen ) 
(2) Ailgn the frame of the loed dietributing 
Spparatue en supverts en the bed of the Oleen 


compreé@ston-lead testing aachine. 
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(3) Ineteil the test specimen, lead distributing 
bare and blocks in the fraue in a manner such 
that the epplied loede will act in the plene of 
the plate (aesuming the plate is flat}. 

(4) tire all strain gages te the selector box. 
(facilitated the observing end recording of 
atreain todleator reeaedinga ) 

(5) Secure the mounts for the Ames dials to the frame 
and attach the diala to the mounts. 

(G) decord the mo-load etrain indicator reading of 
all the atrein gages and zero the Amos disile. 

(7) apply biaxial lLoede in desired Liscrements, record 
the etrain gage ond Amee dial readings at each 


iacrement. 


TESS GPECIA EN 


Ly pe Metalite plate. 
Size: Thirty-five inshes square. 
Core: Hine pounds per eubic foot balsa wood. 


(tolerance of plua one-half pound, mainue 
wothing). Thirty-six hundredtha of an ineh 
thiek. 
Faces: Z245-TS Alciad alumiaua alloy, grein en 
opreaite faceae parellel. 
sixteen thoveandthne of an ineh thick. 
achealive: NEGUK» 


Composition: Figure £. 
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PRESEATATION OF OBGRAVATIONS 

The four etrain gage rosettes on each fesce of the 
plate were mounted opposite each other in the following 
manner (Figere oj: 

I opposite V IiIl eppeeite VII 

II opposite Vi I¥ oppesite VIII 

In acdition, on the east face of the plate rosettes 
Ii sud IV were asymmetrically loceted; a similar relation- 
ship exiated between reeettea VI end VIII on the weat fece 
of the plate. 

in Table I ils prosented the etrain tndleator readings 
reducec to @ tero retding @t no-load econditione. In Tables 
2, 3, 4, auc &, which incivde the seximum anc alniqum 
strains 6nd etressea 8e determined from the solution of the 
atreiln cege rosettes, the angles listed are thoge rhieh 
sre included between the line of maximum strain or stress 
ané a horisontel axis originsting at the center ef the 
rogette. Fer the rosettes on the eaat fece of the piste 
the angle is measured positively in a counterclocksiees 
direction from the worth end of the horisontel axis, and 
positively in s clockwise direction from the north end of 
the horizontel axte for the roeettes on the weat face of 
the plate. This convention of sign notetion and selection 
of references feocillitetes comperieons between valace on 
opresite feces of the plete at the four leceationa of the 


rosettes. 
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In Figuree 6, 7, 8, @nud 9 the difference in meximum 
principal atreeases between feces at the location of eseh 
ef the rosettes ile shown grephieally. 

Is Figure 10 ia a graphical presentation of the 
vwarietion in the direction ef the maximum prinetpal gtreings 
and etresees et each of the rosette locations. 

In Table 6 Le Gontelaed the smounts cf plate de-~ 
flection at the vearlove incresents of edge losde; the 
lecationa ef the defiections with reapect to the plate is 
shown in Figure 43; this deflection data is shew: gra ph- 
leally im Figure 6. 


DISCUSSION OF Lata 

At ell four of the locetinne on the plete at which 
strains were ne@surec @nd the principel stresses deter- 
mined, the stre#e on the coneave side (essai fece)} of the 
plete was consistently greater in magnitude than on the 
convex aide. Ags the plate eritical loed was eprrosched 
these atreasee tenced to become more neerly equal in 
magnitede (Figuree 6 through 9). The plot in Figure 5 of 
the deflection of the center of the plate wae analyzed for 
® best-fitting curve; several expressions were tried and 
&@ secant function selected on the assumptions thet the 
slope of the curve should be infinite et the plate eritics) 
load (the deflection gleo infinite) end the curve should 
indigate ao deflection at the origin of recorded de- 


flectiona. This beet-f{itting secant curve wae deteruined 
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by the method of the leest sum of the squares of the 
Gifferencer between theoretical and actual values of de- 
flections. The function so determined is of the form 
bu * & Gn wecent (+ Gn) 
where delta, is equal to the deflection at the oa th value 
of load, ‘ 
#& ls equal to @ conetant to be determined, 


ie equal to the retio of “A 
Gn eg soo 


Py is equal to the load lees 1060 at the n th 
value of load, 

Per 18 equal to the plate criticsl iead less 1000. 
For the deflections aa observed st the center of the plate, 
values of A equal to 0.7678 and Po, equal te 9200 ylelde 
the beat-fitting curve. Therefore, the plate eritical 
lose (at which the deflection ie infinite) by this method 
of extrepoletion is ten thousand twee hwadred sounds. At 
an edge lead of eight thousand five hundred eighty-five 
pounds the ceflection would be two and thirty-two bundred- 


thea inches. 
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FIGURE L 


SPORMED SECTION 
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For 8 recteanguler, simply supportec plate subjected 
to blaxiel untformiy dlatributed forces the critical forces, 
as determined by seeuming the plete deflects in the form 
of @ double eine series and by equating the internel and 
external energy, are:) 

px we vg oy nt ae a 3. oe - 78. DE a ge 98): 
By the method of transformed sections, the thicknese of the 
vob in the traneformed section ia equal te the retie of the 
moduli of elasticity of the two materiale in the compeund 
sectiong. If it ia aseumed that the modulus of elasticity 
for the fect meteriel te 10.3 x 10° pounds per equere inch 
and for the core materisl te 0.5665 x 10° pounds per 
square iaehs, the ratio of the core aedulue to face modulus 
is 0.055, whieh ile the thicknese of the web in the trans- 
formec section. 

The moment of inertia of this transformed section 
about ite center line is 0.00184568 inches’. The thickness 
of the equivelent piste ie then the cube root of 
12 x 0.00134555 or 0.654 inches (Figure 1) . Subatituting 
thie value in the above equation and assuming mu equal to 
Od, Py eguel to Py mn equal to m equal to unity, and a 
equal to b equal to 25, the plate critical loed is t#o 


Gubsert pts 1, &, 3, refer to references. 
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hundred forty-five pounde per inch or eight thousend five 
hundred eighty-five pounde per edge. 

If, im thie celouletion, a value of 10 x 10° peunde 
per aquare inch had bean assumed for the ucdulua ef 
elestifieity of the face m#tertal, the finel result weuid 
neve heen two hundred forty pounde per ineh or eight 
thousend four hancred pounds per edgfe. 


AECCR ARIAT ICNS 

(1) Theat the testing apperetus be modifled to aillows 
& greater smount of rotation of edgee of the teat plate. 
Thie can be secomplieshed by recGucing the site of the 
plate positioning blocks, or incressing the e#epace betaeen 
the angle frases, or cutting plete positioning slats inte 
the teeth of the toothed leading blocks. These 
possibililtier are listed im order of increesing difficulty; 
altheugh the third one would be moat difficult, it would 
produce the moet desirable final reaeuvlt. 

(2) Tret a series of teste be conducted oz similiar 
platea to verify the resulte of this project and to achieve 
the determination cf @ clate critical load by iaboratory 
teeting. 

(3) Treat teats be conducted on plates of homezeneoue 
material with cimenaleone corresponding to thoge obte ined 
by the wethod of traneforved section for use in 


comperative aneiyeis. 
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February i949. 
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FIGURE 3 


ARRANGEMENT OF STRAIN GAGES ON METALITE PLATE 


—— 
l 
4 
la : 
of “a ’ 1 
Vemma | J 
te = 
H 
al ao 
l 
eG — VW 4 
ae Za 
ee = ees ices 


WEST SIDE AS SEEN WHEN OBSERVED FROM THR WEST 
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EAST SIDE AS SEEN WHEN OBSERVED FROM THE FAST 


{ 


Gre 


SOUTH 


EDGE 
LOAD 


0000 
1000 
2000 
3000 
4060 
hoo 
4,800 
5200 
6000 
7000 


EDGE 
LOAD 


0000 
1000 
2000 
3000 
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4,800 
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ROSETTE I 
GAGE GAGE GAGE 
ic | ECE 
000 ©=6000-=Ss («000 
-28 +120 +L0O 
-178 229 +149 
~338 -387 -282 
“428 -530 -h20 
~538 -596 ~h73 
-528 -640 -520 
-647 -711 -587 
-773 =-839 -697 
-900 -980 -779 
ROSETTE V 
GAGE GAGE GAGE 
lw WW 
000 000 000 
-25 -9 25 
-15 8 ko 

79 65 105 
190 166 208 
253 “ee3 267 
327 ©6928 = 330 
420 363 20 
6h2 549 620 
970 822 929 


ROSETTE II ROSETTE III 
cee oo oe ae ee ee 
000 «©6000 «©6000 )3=—000-Ss«CKXK.—Cé=«é#7';110 
“90 -53 -96 +95 -50 -31 
~183 -155 -200 -194 -153 -121 
ep 200) 505 926 =202 19) 
-453 -403 -h28 -459 -y58 -251 
-516 -L60 -h76 -520 -5l2 -256 
~563 -h98 -508 -567 -611 -291 
~641 -553 -578 -620 ~-711 -309 
-785 -671 -692 -787 -921 -343 
~971 -808 -845 -10h0 -1258 -387 
ROSETTE VI ROSETTE VII 
ij age ae ont ee ee 
000 000 000 000 000° 000 
~19 -10 22 -hO 13 43 
3 2 27 -2h 50 =22 
82 32 Safi of 80-32 
176 81 105 OF 10 er. 
220) We sy ase | 477 5 
22° aie 170) 223 13 
366 192 222 220 268 sO 
B63" 302° ° 332 32 370. 150 
OZ ie? 508 559 550° 380 


TABLE 1 


STRAIN GAGE DATA 


ie 


ROSETTE IV 
GAGE GAGE GAGE 
102 an We 

000 000 000 
-66 +23 +110 
-~162 ~-117 +230 
-286 -228 ~-37h 
-10 -357 -526 
-462 -h17 -592 
-510 -h70 -638 
-580 -540 -730 
-717 -682 -885 
-917 -857 -1138 

ROSETTE VIII 
GAGE GAGE GAGE 
10W llw il2w 

C00. §©6000-—s—«éO0 

19 -8 +77 

28 -7 -57 

67 29 3 

In6y 73) ase 
197 11h 136 
252 19 183 
331 212 ©2533 
520 32 Oe 
Sf” 57 5a wees 


TABLE 2 


PRINCIFAL STRAINS 
PRINCIPAL STRESSES 
REFERENCE ANGLE 


ROSETTE I 
Bi- : 4 : 
AXTAL: : : ° ANGLE ; ANGLES 
EDGE ; WIk : MAX : TO MIN : TO AX : 


LOAD : STRAIN : STRAIN : STRAIN : STRAIN 


1000: -5.1 ; -120.3: 183 25: 935 25: 
2000 : -138.7 : -231.9: 169 33: 79 33: 


3000 : ~275.1 : -396.3 : 164 O04; 74 O04 


4000 : -388.5 : -530.1: 178 10: 88 10: 
AWN ; w~h64.7 : -606.7: 164 05: 74 O85: 
4800 : -485.5 : -640.1 : 178 20: 6&8 20; 
5200 : -576.5 : -720.1: 165 30: 75 30: 
6000 : -687.7 : -851.7: 163 50: 73 50: 
7000 : ~769.0 :-1003.2: 161 39: 71 39: 


ROSETTE V 


AXIAL: $ : ANGLE  : ATIGLE 


ADGE : WIN : Max : TO GaN: TO mex : : 
: STRESS : 


LOAD : STRAIN : STRAIN : STRAIN + STRAIN 


1000 :  -32.4: 26.4: 69 10: 159 10: 
2000 > aeemer: “42°82 72 20; 162 20: 
3000 : 59.6: 106.4: 49 55: 139 55: 
A000 : 163.7: 212.3: 42 57: 132 57: 
AMOO : 222.5: 276.2: 35 38: 125 38: 
4800 : 284.0: 343.4: 31 40: 121 4o: 
C200iemeos es ¢ 459.0: 20 00: 120 00 : 
6000 : 547.6: 659.8: 23 430: 113 30: 
7OGO : 6189: 995.1: 22 15; 112 15: 


MIN 


* Sigeeo: 
-465 : 
~2360 : 


MIN 


SEI 
-90 : 
1030 : 
2OTT &: 
3490 : 
4380 : 
5600 : 
8450 : 


12650 : 


MAX 
STRESS 


189 

yh 
1412 
2960 
5880 
4850 . 
6205 
ee 
14060 


TABLE 3 


PRINCIPAL STRAINS 
PRINCIPAL STRESSES 
REFERENCE ANGLE 


ROSETTE II 
ANGLE ANGLE 
NIN MAX : TO MIN: TO MAX: WIN 
: STRAIN : STRAIN : STRAIN STRAIN : STRESS ; 
-52.9 : -113.1 : 146 42: 56 42: -984: 
 <195> : —209-5: 138 55: 48 55: =2552 : 
¢ =27986 +: ~35eet s 155 O04: G5 05: =4200 : 
+: 399.2 : =156.9 : 165 00: 75 00: -6060 ; 
: =HGQh7 : <-517.5 : 17) 57: 681 57: =6860 : 
{eee > 209-5: Vip Sh: 85 5H: =7385 : 
: Sage@e5 : -72022 : 172 oO 82 00: -8280 : 
: ~-646.0 : -786.0 : 175 00: 85 OO: -S970;: 
: =-#75.6 : -97368 + 172 40 82 40: -12070 : 
ROSETTE VI 
ANGLE ANGLE : 
MIN : WAX : TO WIN: “TO Wak: MIN 
STRAIN : STRAIN: STRAIN STRAIN : STRESS : 
~27.2 22554 66 ©2: 156 02: -231 ; 
-6.0 27.4: S59 02: 149 O02: 25 : 
28.2 5.9: 15 0 : “05 G0: 610 : 
Gay : 7 : 72: 97 2: 152%: 
Sia cowed 3 G25: 96 25: 1766; 
Went + 280.7 + 67153 96°15: 2268 : 
153.0 : 367.0 : ee 9a: eer: 
Daan t Soo. (3 2 55: 92 55: 4560: 
341.5 913.1: ete: 92 46>; 6965 : 


MAX 
STRESS 


-1458 
-2960 
-4710 
-6530 
~ 1580 
~8010 
-9100 
~11100 


~13650 


MAX 
STRESS 


162 
290 
1067 
1548 
2840 
3528 
4620 
7145 
11350 


19. 


TABLE ) 


PRINCIPAL STRAINS 


PRINCIPAL STRESSES 


REFERENCE ANGLE 
ROSETTE III 
BI= : 3 . : 
AXIAL: 3 ANGLE ANGLE 3 
EDGE : KIN MAX 3: TO WIN; TO MAX; \XIN MAX 
LOAD : STRAIN : STRAIN: STRAIN STRAIN : STRESS : STRESS 
1000 ; -20.8 : -96.6: 8 22: 98 22; ~676 : -1162 
2000 : -113.8 : -198.3 : 13 00: 103 00: +1960: -2632 
5000 + =1eG.7 § =35007 : 22 57: #112 57: +3350: -—4615 
4000 : -251.0 : -527.7 : 29 53: 119 53 -4630 : -6820 
GUG@O ; =25ee5 : =625.5: 31 58: 222 58 -5000 : -7920 
4800 : ~289.7 : -689.7 : 35 56: 125 38: =5625% =8795 
5200 : -303.2 : -790.2 : 36 13: 126 13: -6125: 9980 
6000 : -334.5 :~1022.7 : 36 24 126 24; +7255 : -12720 
7000 ; =-373.0 :-1417.0 : 56 58 & 126 Sé ~9040 ; -17300 
ROSETTE VII 
BI- : 
AXIAL: s ANGLE : ANGLE ; 
EDGE : NIN MAX : TO MIN: TO MAX : MIN : MAX 
LOAD : STRAIN : STRAIN : STRAIN STRAIN : STRESS ; STRESS 
1000 + -43.3: 53.9: 79 30: -10 30: ~307: 464 
2000 “47.4: 50.0: 113 09: 23 09: -367: Los 
3000 “$0.9: 9325: 138 4B: 48 48 -100 : 932 
4000 -24.2 : 168.2: 142 34: 52 34; 297 : 1820 
4400 eel + 20257: Wl 1S: 51 15: 687 : 2292 
4800 Gul 255.5 > 2 40: 52 30 998 : 3030 
5200 : 58.3 Doe, : 195 05: 5 05: “1578: “Sere 
6000 149.3 425.3: 146 25: 56 25: 3135: 5320 
7000 380.0 612.6 : 148 49: 58 49 6370 : 8235 


20. 


TASLE 5 
PRINCIPAL STRAINS 
FRINCIPAL STRESSES 
REFERENCE ANGLE 


ROSETTE IV 


BI- 3 A $ ; 
AXIAL: 3 3 ANGLE ; ANGLE $ 
EDGE : MIN ¢ MAX : TO MIN: TO MAX : MIN; MAX 


LOAD : STRAIN : STRAIN : STRAIN : STRAIN :; STRESS ;: STRESS 


1000 : -16.1: -116.5 ; 164 48: 74 48; -578;: -1376 


oe 
~~ 
ON 
rae 


2000 : -104.1 ; -235.3 40: 71 40: -1977: -3020 
3000 : -211.2 : -380.8 : 161 35: 71 35: -3680: -5030 
4000 : -331.4 : -530.6: 158 54; 68 SH: -5555: -7140 
4LOO : -385.5 : -595.1: 157 13: 67 13: -6380: -8055 
4800 : -438.1 : -640.5: 156 35: 66 35: -7135: ~-8750 


5200 + =501.2 : -732,2 ho; -8160 : -10000 


ra) 
Wl 
wl 
2 
Nn 
ON 
ne) 


6000 : ~636.3 : -886.3 : 154 33: 64 433: -10200 ;: -12200 
7JOOO s -799.9 :-1141.5 : 155 48; 65 48: -12930 ; -15650 


ROSETTE VIII 


AXIAL: : : ANGLE ANGLE : 3 
HDGE : MIN; MAX ; TO MIN: TO MAX ; MIN; MAX 
LOAD : STRAIN : STRAIN STRAIN ¢: STRAWN : STRESS : SiWessS 


es 


1000>: <7O8e: “sal: 63 20: 26 4G: -7765; 129 
2000 : -58.9 ; Biome 71 40: -18 20: -540; 226 
3000 : A.6: 61.4: 78 OF: -11 55: 260 ; 710 


4000 : 56.8 : 146.6 >; O94 4s; 4 48 1140 1852 
4KHOO : 99.4: 198.6: 97 25: 1 2 1800 : 2588 
AEOO: 1a7e2 + 925272 ; 99 “SB; 9 28: 2410: 43320 
Dato: Wee : F951: 9956; 9 56 S300 | Se 
6000 : 316.5: 532.1: 99 52: 9 52 5505 : 7100 


7000 : 497.8: 1191.3: 102 12: 12 12: 9680: 14620 


Sina s 
i 
. 
a“ 
’ 


sid 
C04 | 
" 


——- ~o 
> Oe Oe eee 


POUNDS: 
1000 
Zu00 
3000: 
4000 : 
Whoo : 
4800 : 
5200 ;: 
5600 : 
6000 : 
6200 
64,00 
6600 : 
7000 
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SIO) GO Se eke 
Mio oe 0s 196 
58: 80: 96: 2h0 
Gon 92 erie: 230 
80 : 112 : 135 : 340 
Sole. 1320 a ea 
316 2 157 2166 = 76 
Oe (> tee0 bm be3 
- lite +» 188; 220 559 
Soe: 212 6 (25006 622 
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27. 


APPENDIX A 


TESTING APPARATUS FOR THIN PLATES SUBJECTED TC BIAXIAL LOAD=- 
ING IN THE PLANE OF THE PLATE WITH ITS EDGES SIMPLY SUPPORTED 


In an effort to achieve a device by which a thin plate could be 
subjected to biaxial loading in the plane of the plate with its 
edges simply supported, a frame and system of loading bars and 
blocks was desipned. The frame (Figure 1) consists of a double 
picture frame of four by four by three-eighths inch structural 
steel. The two frames are separated at the desired distance by 
the proper length of pipe placed between the frames at a hole 
at each of the four corners; through the holes in the pipes and 
frames ore bolts with nuts to hold the frames together firmly. 
This composite frame is to stand upright on supports on the bed 
of a compression loading machine. In the vertical direction 
the load is applied from the head and bed of the machine to the 
plate through a system of load-distributing bars and blocks 
(Figure 2) which distribute the load uniformly along the two 
horizontal edges of the plate; in the horizontal direction the 
load is applied to the vertical edges of the plate by two ten- 
sion rods which apply the load through a similer system of lead- 
distributing bars and blocks. The load-distributing bare are 
separated in their direction of applied load by lengths of one- 
quarter inch drill rod, and are positioned spacewise by a light- 
weight frame (Figure 5) with pipes and bolts. Along each side 
of, and adjacent to the plate are eight pairs of mated blocks 


(Figure 3a and 3b); they are held together by the proper length 


of one-quarter inch drill rod. The load-side block of each pair 
is held in place by six bolts threaded through the angle frames 
(three bolts through each frame per block) in a manner such that 
movement of the blocks is possible only in the plane of the plate 
and applied load; there are nénety-six of these bolts in each 
frame. The plate-side block of each mated pair is toothed in or- 
der that the restraint imposed on the compression of the edge of 


the plate when subjected to load will be minimized. 


This design allows for rotation of the edges of the plate about 
lines in the extended middle plane of the plate and for transla- 
tion of one edges of the plate in planes parallel to the middle 
plane of the plate. The assembly will accommodate one size plate, 

a thirty-six inch square test specimen. It allows for an edge 
translation of approximately three-sixteenths of an inch, for an 
edge rotation of approximately fifteen degrees and/or a deflec- 

tion at the center of the plate of approximately tet SHeNES for 

a one inch thick plate. For plates thinner than one inch the allow- 
able deflection at the center increases by one-half the amount that 


the plate is less than one inch thick. 


For plates of thickness in the order of one-half inch or less, it 
is necessary to modify the arrangement in that at comparatively 
small loads the test specimen is unstable with respect to the 
toothed loading blocks and will spring free of the teeth. By re- 
ducing the size of the plate and installing restraining blocks 


(Figure 6) this difficulty is eliminated. 
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